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(54) [Title of the Invention] 

Etching method of hard-etched material and semiconductor manufacturing 
method and apparatus using the same 
5 (57) [Abstract] 
[Problem] 

It is aimed that a deposition material generated in etching of an etching 
material is prevented from attaching to a mask, and thus an etching shape is improved. 
[Means to solve the Problem] 

10 When a film is etched with plasma by using the film of a hard-etched material 

formed on a substrate and a mask formed thereon, the mask with a side wall having an 
angle of less than 90 degrees to the substrate surface is used for etching, and thus a taper 
angle of the film to the substrate surface after etching is made equal to or more than a 
taper angle of the mask. 

15 [Scope of Claims] 
[Claim 1] 

An etching method, by which a film is etched with plasma by using the film of 
a hard-etched material formed on a substrate and a mask formed thereon, characterized 
by comprising the step of etching by using the mask with a side wall having an angle of 
20 less than 90 degrees to the substrate surface. 
[Claim 2] 

The etching method as described in claim 1, characterized in that the film is 
formed from any one of Fe, Co, Mn, Ni, Pt, Ru, Ru02, Ta, Ir, Ir02, Os, Pd, Au, Ta205, 
PZT, BST, SBT, A1203, Hf02, Zr02, GaAs and ITO. 
25 [Claim 3] 

An etching method, by which a film is etched with plasma by using the film of 
a hard-etched material formed on a substrate and a mask formed thereon, characterized 
by comprising the step of etching by using the mask with a side wall having a taper 
angle (6) of less than 90 degrees to the substrate surface so that a taper angle (((>) of the 
30 film to the substrate surface after etching is made equal to or more than the taper angle 
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(0) of the mask. 
[Claim 4] 

An etching method, by which a film is etched with plasma by using the film of 
a hard-etched material formed on a substrate and a mask formed thereon, characterized 
5 by comprising: 

a step of forming the mask so that a taper angle of the mask side wall to the 
substrate surface is less than 90 degrees, and 

a step of etching by using the mask. 
[Claim 5] 

10 The etching method of the hard-etched material as described in claim 4, 

characterized in that the step of forming the mask includes the step of etching the mask. 
[Claim 6] 

The etching method of the hard-etched material as described in claim 5 
characterized in that the step of etching the mask includes a step of adjusting the taper 
15 angle of the mask by adjusting an etching condition of the mask. 
[Claim 7] 

The etching method of the hard-etched material as described in claim 6, 
characterized in that the etching condition is at least one of a composition of a gas 
introduced into an etching chamber and etching pressure. 
20 [Claim 8] 

The etching method of the hard-etched material as described in claim 5, 
characterized in that the step of etching the mask includes a step of adjusting the taper 
angle of the mask by adjusting at least one of the thickness of the film and an etching 
time of the mask. 
25 [Claim 9] 

The etching method of the hard-etched material as described in claim 5, 
characterized in that the step of etching the mask includes the step of adjusting the taper 
angle of the mask by adjusting at least one of a size of a photoresist film formed on the 
mask and the etching time of the mask. 
30 [Claim 10] 
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The etching method of the hard-etched material as described in claim 5, 
characterized in that the step of etching the mask includes a step of etching the mask 
again after cleaning is performed in the middle of the etching of the mask. 
[Claim 11] 

5 The etching method of the hard-etched material as described in claim 10, 

characterized in that the step of etching the mask includes a step of adjusting the taper 
angle of the mask by adjusting at least one of the size of the photoresist film formed on 
the mask and the etching time of the mask before the cleaning. 
[Claim 12] 

10 The etching method as described in claim 4, characterized in that the film is 

formed from any one of Fe, Co, Mn, Ni, Pt, Ru, Ru02, Ta, Ir, Ir02, Os, Pd, Au, Ti, TiOx, 
SrRu03, (La, Sr)Co03, Cu(Ba, Sr)Ti03, SRO: SrTi03, BTO: BaTi03, SrTa206, 
Sr2Ta207, ZnO, A1203, Zr02, Hf02, Ta205 Pb(Zr, Ti)03, Pb(Zr, Ti)Nb208 (Pb, La)(Zr, 
Ti)03, PbTiNbOx, SrBi2Ta209, SrBi2(Ta, Nb)209, Bi4Ti3012, BiSiO x , Bi 4 .xLa x Ti 3 Oi2, 

15 and InTiO. 
[Claim 13] 

A semiconductor manufacturing method, by which a semiconductor is 
manufactured by using at least one layer of a hard-etched material formed on a substrate 
and a mask formed thereon, characterized by comprising the steps of: 
20 etching the hard-etched material by using the mask, 

cleaning in the middle of the etching, and 

etching the hard-etched material again by using the mask thereafter. 
[Claim 14] 

A semiconductor device manufactured by the semiconductor manufacturing 
25 method as described in claim 13, characterized by comprising: 
a substrate, and 

at least one layer of a hard-etched material formed on the substrate, 
wherein a taper angle of a side wall of the hard-etched material is changed in 
the middle of the side wall. 
30 [Claim 15] 
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A semiconductor device manufactured by the semiconductor manufacturing 
method as described in claim 13, characterized by comprising: 
a substrate, and 

at least two layers of a hard-etched material formed on the substrate, 
5 wherein a taper angle of a side wall of one layer of the hard-etched material is 

different from a taper angle of a side wall of the other layer of the hard-etched material. 
[Claim 16] 

An etching method, in which a reaction product is attached to a wall of an 
etching apparatus, characterized by comprising the step of attaching the reaction 
10 product continuously to the wall of the etching apparatus until a treatment of at least one 
piece of wafer is finished so that an angle of a side wall of a material to be etched 
formed on a substrate to the substrate surface is set to substantially 90 degrees. 
[Claim 17] 

The etching method as described in claim 16, characterized by comprising 
15 further the step of removing the reaction product attached to the wall of the etching 
apparatus regularly. 
[Claim 18] 

The etching method as described in claim 16, characterized by comprising 
further the step of etching by using the mask with a side wall having an angle of less 
20 than 90 degrees to the substrate surface. 
[Claim 19] 

An etching method, in which a semiconductor manufacturing apparatus is used; 
which is provided with a wafer transport device, a plurality of treatment chambers and a 
plurality of aftertreatment chambers connected to the wafer transport device, a plurality 
25 of lock chambers and an air transport device adjacent to the lock chambers, and in 
which the air transport device can be connected to the plurality of lock chambers and a 
wafer cassette adjacent to the air transport device; the method characterized by 
comprising the steps of: 

performing aftertreatment in any one of the plurality of aftertreatment 
30 chambers after etching is performed on a material to be treated in any one of the 



5 



plurality of treatment chambers, and 

performing further aftertreatment in any one of the plurality of aftertreatment 
chambers after etching is performed in any one of the plurality of treatment chambers. 
[Claim 20] 

5 An etching method, in which a semiconductor manufacturing apparatus is used; 

which is provided with a wafer transport device, a plurality of treatment chambers 
connected to the wafer transport device, a plurality of lock chambers and an air 
transport device adjacent to the lock chambers, and in which the air transport device can 
be connected to the plurality of lock chambers, an aftertreatment chamber adjacent to 
10 the air transport device and a wafer cassette; the method characterized by comprising 
the steps of: 

performing aftertreatment in the aftertreatment chamber after etching is 
performed on a material to be treated in any one of the plurality of treatment chambers, 
and 

15 performing further aftertreatment in the aftertreatment chamber after etching is 

performed in any one of the plurality of treatment chambers. 
[Claim 21] 

An etching method, by which a film is etched with plasma by using the film 
formed from any one of Pt, Ru, Ir, PZT, SBT, Co, Mn and Fe on a substrate and a mask 
20 formed thereon, characterized by comprising the step of etching by using a hard mask 
with a side wall having an angle of less than 80 degrees to the substrate surface. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs to] 

25 The present invention relates to an etching method of a hard-etched material 

such as Pt, Ru, Ir, PZT, or Hf02, and a semiconductor integrated circuit device including 
the hard-etched material and a manufacturing method thereof, and especially relates to 
an effective technique for etching a side wall of the hard-etched material into a nearly 
perpendicular shape. 

30 [0002] 
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[Prior Art] 

Conventionally, an etching method using a photoresist having a taper shape or 
a round head is known as a means for treating a semiconductor element surface. 
[0003] 

5 An etching method using a taper shaped mask is disclosed in the USP 

5,818,107 (JP-A-10-214826) and JP-A-10-223855. Further, an etching method using a 
round photoresist is disclosed in the USP 6,057,081 (JP-A-10-98162). 
[0004] 

However, etching of a nonvolatile material, which is hard to be etched 
10 (hereinafter simply referred to as a hard-etched material), is performed at a high 
temperature, 300°C or more, and thus there is a case where a photoresist cannot be 
employed. 
[0005] 

[Problem to be solved by the Invention] 

15 Now, with miniaturization of a semiconductor element and speedup of its 

operation, it is examined to use a material such as alumina, zirconium oxide, hafnium 
oxide, ruthenium, platinum, tantalum oxide, BST, SBT or PZT for a gate insulating film 
and a gate electrode of an MOS (metal-oxide-semiconductor) transistor, or for a 
capacitor and a capacitor electrode of a memory portion. In addition, iron, nickel, 

20 cobalt, manganese or an alloy of these metals is used for a memory using magnetism 
(MRAM; magneticrandom access memory) or the like. 
[0006] 

Note that materials described below are given as hard-etched materials, for 
example, 

25 Magnetic material: (application: a magnetic disk, MRAM or the like) 

Fe, Co, Mn, Ni and the like 
Noble metal or the like: (application: various electrodes or the like) 

Pt, Ru, Ru02, Ta, Ir, Ir02, Os, Pd, Au, Ti, TiOx, SrRu03, 

(La, Sr)Co03, Cu and the like 
30 High dielectric: (application: capacitor of DRAM (for accumulating charges) or the 
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like) 

BST: (Ba, Sr)Ti03, SRO: SrTi03, BTO: BaTi03, SrTa206, Sr2Ta207, 
ZnO, A1203, Zr02 5 Hf02, Ta205 and the like 
Ferroelectric substance: (application: capacitor of FeRAM or the like) 
5 PZT: Pb(Zr, Ti)03, PZTN: Pb(Zr, Ti) Nb208, PLZT: (Pb, La) 

(Zr, Ti)03, 

PTN: PbTiNbOx, SBT: SrBi2Ta209, SBTN: SrBi2 (Ta, Nb)209, 
BTO: Bi4Ti3012, BiSiO x , BLOT: Bi 4 -xLa x Ti 3 Oi2 and the like 

Compound semiconductor: GaAs and the like 
10 ITO and the others: InHO and the like 

[0007] 

These hard-etched materials are hard to be etched compared with aluminum, 
silicon, silicon oxide or the like, and it is particularly difficult to process a side wall of 
the hard-etched material into a perpendicular shape to a substrate, which is a problem. 
15 [0008] 

There are no suggestions about processing the side wall of the hard-etched 
material into the perpendicular shape to the substrate in either known reference 
mentioned above. 
[0009] 

20 Subsequently, a reason why it is hard to obtain a perpendicular etching shape in 

a material to be etched is described as follows, when a chemically stable material such 
as iron, cobalt, manganese, nickel, platinum, ruthenium, tantalum, alumina, hafnium 
oxide, zirconium oxide, or gallium arsenide is etched with plasma. 
[0010] 

25 In a material that is hard to be etched like the hard-etched materials described 

above, a reaction product is generated by etching. The reaction product has a property 
to attach easily to a wall of a material to be etched when reaching it, after the reaction 
product has jumped out of a sample surface into gas phase. Therefore, if the reaction 
product is attached at only the position at which etching proceeds in the material to be 

30 etched, just the etching rate falls substantially, but the reaction product is practically 



8 



attached at any position of the material to be etched. Namely, the reaction product is 
also attached to a side wall on which etching proceeds scarcely in the material to be 
etched, and as a result, etching on a bottom surface on which etching proceeds and 
deposition of a deposition material on the side wall are conducted simultaneously. 
5 Thus, a perpendicular shape to a substrate cannot be obtained in the side wall of the 
material to be etched. That is a reason why the perpendicular etching shape to the 
substrate surface in the side wall of the material to be etched is not obtained in etching 
of the hard-etched material. 
[0011] 

10 The reason why the perpendicular etching shape to the substrate in the side 

wall of the material to be etched is not obtained, is described more in detail referring to 
FIGS. 1A to 2G. 
[0012] 

FIGS. 1A and 2A show an initial state of etching, and an arrow indicating right 
15 direction shows a deposition direction of a deposition material, and an arrow indicating 
downward shows an etching direction. Here, an angle of a side wall of a mask 10 to a 
substrate upper surface (taper angle) 6 is set to 90 degrees. When a very few unit time 
At is passed from the initial state, a bottom surface (an upper surface 21 of a material to 
be etched 20 exposed to plasma) is etched by Ae, and a deposition material 25 is 
20 deposited by Ad on side walls of the mask 10 and the material to be etched 20 (FIGS IB 
and 2B). Because an upper surface part 30 of the deposition material is also etched 
practically, an angle of the part to a substrate surface (taper angle) <t> depends on a 
deposition amount (deposition rate) Ad of the deposition material per unit time and an 
etching amount (etching rate) Ae per unit time. 
25 [0013] 

In addition, in a portion 32 right under a mask side wall, etching to a bottom 
surface part 33 of a lower part of the deposition material on the mask side wall (upper 
surface 21 of the material to be etched 20 exposed to plasma) is stopped at the moment 
when deposition of the deposition material 25 to the mask side wall begins. However, 
30 at the moment when an exposed portion of the material to be etched 20 is etched and a 



new side wall of the material to be etched 20 is exposed in the lower part of the side 
wall of the deposition material 25 on the mask sidewall, the deposition material is 
deposited on the exposed surface. Thus, etching proceeds diagonally and downwardly 
(FIGS. 1C and 2C). 
5 [0014] 

Subsequently, when a unit time At is further passed from the states of FIGS. 1C 
and 2C, deposition of the deposition material 25 proceeds further on the side wall of the 
deposition material 25, and etching also proceeds in the exposed portion of the material 
to be etched 20 in the lower part of the side wall of the deposition material 25 (FIGS ID, 
10 IE, and 2D to 2F). In this way, etching proceeds in a sequence diagonally and 
downwardly, and an etching shape shown in FIGS. IF and 2G can be obtained. Thus, 
a taper angle <(> (<J> < 90 degrees) is formed between the side wall of the material to be 
etched and the substrate surface. 
[0015] 

15 It is the object of the present invention to provide an etching method of a 

hard-etched material that can solve the problem of the conventional technique, and to 
provide a semiconductor manufacturing method and an apparatus using the same. 
[0016] 

Another object of the present invention is to provide a sample surface treatment 
20 method and an apparatus, which enables a stable treatment to a plurality of wafers, or by 
which an taper angle of a material to be etched can be almost perpendicular, in order to 
meet a requirement of miniaturization of a semiconductor element or the like. 
[0017] 

[Means to solve the Problem] 
25 A feature of the present invention is a surface treatment of a sample etched by 

using a taper shaped mask, when a film formed on a substrate is etched with plasma. 
[0018] 

Namely, according to one aspect of the present invention, an etching method of 
a film with plasma by using the film of a hard-etched material formed on a substrate and 
30 a mask formed thereon includes an etching step by using the mask with a side wall 
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having an angle of less than 90 degrees to the substrate surface. 
[0019] 

Thus, according to the present invention, an etching shape with a nearly 
perpendicular side wall can be obtained by using a taper shaped mask or the like in 
5 etching of a material in which a process shape with a perpendicular side wall is difficult 
to obtain. Therefore, it is possible to manufacture a highly functional semiconductor 
device or a highly integrated semiconductor device. 
[0020] 

[Embodiment of the Invention] 
10 Hereinafter, embodiment of the present invention is described in detail 

referring to accompanying drawings. 
[0021] 

FIG. 3 is a diagram showing a whole structure example of a plasma etching 
apparatus to which the present invention is applied. Plasma 105 is generated in a 

15 vacuum container 104 by supplying high-frequency current from a high-frequency 
power supply 101 to a coil 103 through an automatic matching unit 102. The vacuum 
container 104 includes a discharge portion 104a formed from an insulating material and 
a treatment portion 104b, which is grounded. An etching gas such as chlorine is 
introduced into the vacuum container 104 through a gas introduction portion 106, and 

20 the gas is evacuated by an evacuation device 107. 
[0022] 

A sample 108 is put on a sample holder 109. A bias power supply 110 which 
is a second high-frequency power supply is connected to the sample holder 109 through 
a highpass filter 111 in order to raise the energy of an ion which is incident into the 
25 sample 108. An insulating film 112 such as ceramic is provided on a surface of the 
sample holder 109. In addition, a direct current power supply 113 is connected to the 
sample holder 109 through a lowpass filter 114 to keep the sample 108 on the sample 
holder 109 by electrostatic force. 
[0023] 

30 Further, a heater 115 and a refrigerant flow path 116 are provided on the 
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sample holder 109 to control a treatment by adjusting a temperature of the sample 108. 
[0024] 

Typical conditions for etching a chemically stable material such as iron, cobalt, 
manganese, nickel, platinum, ruthenium, tantalum, alumina, hafnium oxide, zirconia 
5 oxide or gallium arsenide by using the apparatus, are as follows. Pressure of the 
apparatus is 0.5 Pa, and the gas to be introduced is mainly chlorine. Although the 
temperature of the sample 108 is different depending on a material to be etched which is 
an object, it is 200 °C or more to 500 °C or less. It depends also on a expected etching 
rate or a semiconductor device to be manufactured, but the temperature of the sample 
10 108 is maintained higher compared with the typical temperature of 0 °C to 100 °C when 
a silicon film, an aluminum film or a silicon oxide film is etched. Thus, there are 
many cases when photoresist cannot be used effectively as a mask material in etching, 
and a hard mask of a silicon oxide or a metal is used. 
[0025] 

15 To solve the above problem in etching of the hard-etched material, namely, to 

perform etching treatment so that a taper angle <J> of a material to be etched can be nearly 
perpendicular angle to a substrate surface, it is important to suppress the amount of a 
deposition material attached to a mask side wall. 
[0026] 

20 As a method to suppress the deposition of the deposition material, there is a 

method of lowering pressure in a reaction container or increasing a flow rate of a gas 
introduced into a reaction container. However, the pressure and the gas flow rate are 
often limited in an appropriate range . to obtain a desirable etching property. 
Additionally, limit of the pressure and the flow rate depends on an evacuation ability. 

25 Thus, it is difficult to suppress the deposition of the deposition material by the pressure, 
the flow rate or the like. 
[0027] 

Subsequently, a reason is described referring to FIGS. 4A to 5D, why a process 
shape, in which a taper angle of a material to be etched (an angle of a side wall of the 
30 material to be etched to a substrate surface) <|> is nearly perpendicular, is obtained by 
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using a mask (namely, a taper shaped mask) having a taper angle (an angle of a side 
wall of a mask 10 to a substrate upper surface) 9 of less than 90 degrees. Note that 
FIG. 5A shows a case where the taper angle 9 of the mask is 90 degrees, and a 
deposition material 25 is deposited in parallel to a side wall of the mask 10 as described 
5 in FIGS. 1A to 2G. FIG. 4A shows a state before etching when the taper angle 9 of the 
mask is set to 90 degrees. 
[0028] 

First, when a process condition is determined, an etching rate of a sample 
bottom surface (a surface 21 of a material to be etched exposed to plasma) is also 

10 determined. When etching is performed using chlorine as the main etching gas, 
chloride (a reaction product) of the material to be etched of the sample jumps out of a 
substrate (material [sic.]) into an etching apparatus (a reaction container). The reaction 
product, which has jumped out into the etching apparatus, is incident to the substrate 
again, and some of the reaction product, which is incident to the substrate, is deposited 

15 on the substrate surface (a mask side wall and a side wall of the material to be etched) 
as a deposition material (FIG. 4B). In many cases, this deposition material can be 
approximated as being isotropic. A deposition rate (hereinafter simply referred to as 
depo-rate) of the deposition material is supposed to be rd. On the contrary, because 
etching mainly depends on a function of an ion, an etching rate at an etching position is 

20 influenced considerably by an ion incidence direction at that position. If the etching 
rate is determined simply by flux of an ion and the etching rate of the sample bottom 
surface to which ion is incident perpendicularly is supposed to be re, the etching rate is 
re x sin a, when an ion incidence angle is a. Here, re is a real etching rate in which no 
deposition material is deposited. 

25 [0029] 

Namely, when the mask side wall is perpendicular to the substrate surface, a 
depo-rate of the deposition material to the mask side wall is rd and the etching rate of 
the sample bottom surface 21 by appearance is re-rd (referring to FIG. 4D). A taper 
angle (j) of the material to be etched is tan ((> « (re-rd) /rd, at this time. 
30 [0030] 



On the other hand, as shown in FIGS. 4B and 5B, when the mask side wall is 
slightly inclined to the substrate surface from a perpendicular direction (a taper angle 6 
of the mask is less than 90 degrees), the depo-rate to the mask side wall is rd because it 
is isotropic, and the etching rate of the mask side wall is re x cos 0. Thus, rd - re x cos 
5 6 is a depo-rate to the side wall when a taper angle of the mask is 8. Therefore, a taper 
angle (j> of the material to be etched is tan<|> = (re - rd)/((rd - re x cos 6) x sin 9) as shown 
in FIG. 4D. 
[0031] 

Under such a condition in which deposition of the deposition material on the 
10 mask side wall proceeds, the taper angle (|> of the material to be etched after etching gets 
larger, as the taper angle 6 of the mask gets smaller. Note that FIG. 4C shows a state 
in which the deposition material is removed after the etching treatment as shown in FIG. 
4B. 
[0032] 

15 If the taper angle 0 of the mask is smaller than 90 degrees, and when the taper 

angle 0 is made further smaller than that in FIG. 5B, the taper angle 0 and the taper 
angle <J> of the material to be etched correspond to each other (0 = (J>), as shown in FIG. 
5C. This state is a condition under which attachment of the deposition material to the 
mask does not proceed. Namely, the deposition material is etched and removed at the 

20 moment when the deposition material is attached to the mask, consequently the 
deposition material is not attached to the mask. When a taper angle of the mask is 00 
and a taper angle of the material to be etched is (|>m, the taper angle of the material to be 
etched does not become larger than <j>m, even if the taper angle 0 of the mask is made 
smaller (namely, 0 < 00), as shown in FIG. 5D. That is to say, as shown in FIG. 5D, it 

25 is resulted in 0 < <|>m in case of 0 < 00, and thus the taper angle 00 of the mask is a 
limited value, which maximizes the taper angle <(> (<|>m) of the material to be etched. 
Note that the mask or a base (the material to be etched) is exposed in the state of FIG. 
5D. 
[0033] 

30 FIG. 6 shows such a relationship between the taper angle 0 of the mask and the 
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taper angle <|> of the material to be etched. Here, rd/re is primarily determined by 
materials of the mask and the material to be etched, and an etching condition (pressure 
in a reaction container, flow rate of a gas introduced into the reaction container and the 
like). Generally, as the pressure in the reaction container is higher, rd/re becomes 
5 smaller, or as the flow rate of the gas introduced into the reaction container is increased, 
rd/re becomes smaller. 
[0034] 

For example, as shown in FIG. 6, the taper angle (j> of the material to be etched 
is increased almost in proportion to the taper angle 8 of the mask, when the taper angle 

10 6 of the mask is reduced from 90 degrees in case of rd/re = 0.5. When the taper angle 
6 of the mask is reduced to about 72 degrees, the taper angle (f> of the material to be 
etched is also increased to about 72 degrees (0 = <J>), which is a state of FIG. 5C. 
Namely, 9 = 60 = (j) = (|>m. Therefore, even if the taper angle 6 of the mask is more 
reduced from this state (9 < 00), the taper angle of the material to be etched is 

15 maintained at <|>m. 
[0035] 

Thus, a line L indicates a limited value 00 of the taper angle of the mask in FIG. 
6. Then, a region A is a region of 0 > 00 where the deposition material is attached to 
the mask and the taper angle (j) of the material to be etched depends on the taper angle 0 

20 of the mask. On the other hand, a region B is a region of 0 s 00 where the deposition 
material is not attached to the mask and the taper angle <j) of the material to be etched is 
a constant value <J>m independently of the taper angle 0 of the mask. Therefore, for 
example, when the taper angle <j> of the material to be etched is expected to be 70 
degrees in case of rd/re = 0.4, the taper angle 0 of the mask may be set to about 82 

25 degrees. 
[0036] 

Next, a method of forming a mask with a side wall having a taper angle of less 
than 90 degrees is described. 
[0037] 

30 Here, a case in which Pt is etched by using a hard mask of silicon oxide is 
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described as one example. 
[0038] 

(a) First, a method of controlling a taper angle of a side wall of a silicon oxide 
film as a mask by a component of an etching gas or etching pressure is described 
5 referring to FIGS 8A to 8E. A hard mask material 51 such as a silicon oxide film or a 
metal film is formed on a Pt 50, and a photoresist 52 is patterned into a predetermined 
pattern thereon (FIG. 8A). Subsequently, addition gases such as mainly fluorocarbon 
gas and oxygen are used to etch silicon oxide into a taper shape (FIG. 8B). Here, the 
composition of the gas introduced into an etching chamber or the etching pressure is 
10 changed so that the silicon oxide can be etched into a taper shape. 
[0039] 

The etching into a taper shape like this is disclosed in J. Vac. Sci. Technol. A 
14, 1832 (1996), for example. The method of controlling a taper angle of a silicon 
oxide film by a component of an etching gas or etching pressure is described according 

15 to the above literature. Specifically, the taper angle of the formed silicon oxide film is 
changed from 80° to 51° by changing pressure from 40m Torr to 300m Torr, under an 
etching condition in which a photoresist having a taper angle of 86° is used, flow rate of 
CF4 is 20 seem and bias power is 100 W. In addition, under an etching condition in 
which pressure is 40 m Torr and total flow rate of CHF3 and CF4 is 20 seem, the taper 

20 angle of the silicon oxide film is changed from 66° to 84° by changing a component 
ratio thereof (CHF3 in CF4 (%)) from 0 % to 50 %. 
[0040] 

Thus, it is understood that the taper angle of the oxide film can be controlled by 
making use of a fact that an etching rate of the silicon oxide film in a longitudinal 
25 direction is decreased as the pressure is increased, while an etching rate in a lateral 
direction is almost independent of the pressure. 
[0041] 

When the taper angle of the silicon oxide film is formed to be less than 90 
degrees (FIG. 8B), the photoresist 52 is removed (FIG. 8C). Next, the substrate is 
30 transported to a predetermined position in an etching apparatus, and etching is 
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performed (FIG. 8D), thereafter, the mask 51 is removed (FIG. 8E). 
[0042] 

Another etching method for forming a taper angle of a mask to be less than 90 
degrees is disclosed in the U.S. Patent No. 5, 856, 239. 
5 [0043] 

(b) Subsequently, a method of forming a taper angle of silicon oxide as a mask 
to be less than 90 degrees by wet etching is described. Such a method is disclosed in 
Jpn. J. Appl. Phys., Vol. 34 (1995), pp.2132-2136, for example. Namely, a polysilicon 
film 52 having a predetermined pattern is formed on a silicon oxide film 51 as a mask in 

10 etching of a Pt 50 as shown in FIG. 9A, and it is soaked in a HF aqueous solution under 
a constant condition. The polysilicon film 52 is not etched by the HF aqueous solution, 
but the silicon oxide film 51 is etched isotropically in the HF aqueous solution and 
formed into a taper shape as shown in FIG. 9B. Thereafter, the mask 51 of silicon 
oxide having a shape as shown in FIG. 9C is finally formed by etching the polysilicon 

15 film using chlorine C12, fluorine F2, hydrogen hexafluoride SF6 [sic] or the like. 
Then, etching is performed by using such a taper shaped mask (FIG. 9D), and the mask 
51 is removed after that (FIG. 9E). 
[0044] 

FIGS. 10A to 13D are diagrams showing several methods of forming masks 
20 made of a silicon oxide film with the same width (size) but a different taper angle. 
[0045] 

First, a method shown in FIGS. 10A to 101 is to form masks having the same 
width (size) but a different taper angle by a film thickness of a silicon oxide film 51 as a 
mask and a wet etching time corresponding to it. For example, silicon oxide films 51 

25 of a different thickness Tl, T2 and T3 are formed, as shown respectively in FIGS. 10A, 
10B and IOC. Then, wet etching by HF is performed for a time corresponding to the 
thickness of the silicon oxide film to obtain masks with different taper angles as shown 
respectively in FIGS. 10B, 10E and 10H. Therefore, after the polysilicon film 52 is 
removed, masks with the same width (size) and taper angles 01, 62 and 03 (here, 

30 01>02>03), as shown respectively in FIGS 10C, 10F and 101, are formed. Namely, as 



the silicon oxide film 51 as a mask is thicker in thickness, the taper angle of the mask 

can be set smaller. 

[0046] 

A method shown in FIGS. 11A to 111 is to form masks with the same width 
5 (size) but a different taper angle by a width (size) of a polysilicon film as a mask and a 
wet etching time corresponding to it. For example, forms of Wl, W2 and W3 having a 
different width (size) and a polysilicon film 52 that is a resist [sic] are formed as 
respectively shown in FIGS. 11A, 11D and 11G. Then, wet etching by HF is 
performed for a time corresponding to the width (size) of the polysilicon film to obtain 

10 masks having different taper angles as respectively shown in FIGS. 11B, HE and 11H. 
Thus, after the polysilicon film 52 is removed, masks with the same width (size) and 
different taper angles 04, 05 and 06 (here, 04 > 05 > 06) can be formed as shown 
respectively in FIGS. 11C, 11 F and HI. Namely, as the width (size) of the polysilicon 
film 52 is smaller, the taper angle of the mask can be set smaller. 

15 [0047] 

FIGS. 12A to 13D show a method of controlling a taper angle of a mask by dry 
etching and wet etching. 
[0048] 

In a method shown in FIGS. 12A to 12C, the polysilicon film 52 is patterned 
20 into a predetermined width (size) W4 first (FIG. 12A), and a part of the silicon oxide 
film 51 is shaved off by a certain thickness Th 1 almost perpendicularly by dry etching 
(FIG. 12B). Thereafter, the silicon oxide film 51 is tapered by wet etching (FIG. 12C). 
[0049] 

In a method shown in FIGS. 13A to 13D, first, the polysilicon film 52 is 
25 patterned into a predetermined width (size) W5 that is different from the width (size) 
W4 (FIG. 13A), and then a part of the silicon oxide film 51 is shaved off by a thickness 
Th 2, which is different from the thickness Th 1, almost perpendicularly by dry etching 
(FiG. 13B). Thereafter, the silicon oxide film 51 is tapered by wet etching (FIG. 13C). 
[0050] 

30 Thus, if a thickness of the polysilicon film 52 used in FIGS. 12A and 13A is 



supposed to be the same Th, the taper angle of the mask can be set smaller, as the width 
(size) of the polysilicon film 52 is smaller, and the taper angle of the mask can be set 
smaller, as the thickness of the silicon oxide film 51, which is shaved off, is thinner. 
[0051] 

5 It is also possible to control the taper angle of the mask by combining the 

methods described above for forming a taper mask. 
[0052] 

Here, it is described specifically referring to FIG. 18 a case where a Pt film 
with a thickness of 0.5 \xm is etched with the etching apparatus in FIG. 3 by using a 
10 Si02 mask. 
[0053] 

As described above, a gas used in etching is mainly chlorine, and bias voltage 
is applied to a wafer in order to etch. Further, an etching rate of Si02 and that of Pt are 
almost same and thus a thickness of Si02 mask needs to be almost equal to or more than 
15 that of Pt. It is set to 0.5 |xm here. 
[0054] 

In an apparatus of FIG. 1, rd/re is equal to or more than a certain constant value 
under a condition in which plasma can be maintained stable, and the minimum value is 
supposed to be 0.4 here. Then, according to FIG. 6, a taper angle of a Pt film is 57° by 
20 etching Pt, when a taper angle of the Si02 mask is 90°. 
[0055] 

Namely, a width y of a Pt bottom surface is larger than that of the Si02 mask by 
approximately 0.3 \im on each side of xl and x2. It is obtained from xl = x2 = 0.5 jim 
-s- tan <J> = 0.5 \im + tan 57°. Therefore, the width y of the Pt bottom surface is y =0.5 
25 \xm + xl+x2 = l.l jim, when the whole width of the mask is 0.5 \xm and the Pt film is 
etched by 0.5 \xm. 
[0056] 

However, when the Si02 mask obtains a taper angle of 80° by either method 
described above and is etched under the same condition, a taper angle of the Pt film is 
30 70° after etching, and the width y of the bottom surface of the Pt film is larger than that 
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of the mask by approximately 0.2 \tm on each side. Thus, the whole width y of the 
bottom surface of the Pt film is approximately 0.9 \xm (y = 0.5 |xm + 0.2 \xm + 0.2 \\m). 
[0057] 

As described, the taper angle of the Pt film after etching gets larger by forming 
5 a smaller taper angle of the mask. In other words, an etching shape can be controlled 
by the taper angle of the mask. 
[0058] 

In addition, when the taper angle of the mask is made smaller (for example, 
60°), a taper angle in etching becomes larger. However, it becomes a condition under 
10 which a deposition material is not attached to the mask and it results in a problem that 
the mask is shaved off. 
[0059] 

Thus, a condition, under which the taper angle gets larger and furthermore the 
mask bottom surface is maintained in the size before etching, is to form a mask whose 
15 taper angle is 00. 
[0060] 

This taper angle 60 of the mask can be expected from an etching result by 
using a perpendicular mask. Namely, it is supposed that (J> (for example, 60°) is 
obtained as a result of etching by using the perpendicular mask. According to FIG. 6, 
20 a value of rd/re (0.37) under that condition can be estimated here. A formula, which 
predicts the taper angle in etching described above, is: 
[0061] 

tan <j) = (re - rd) / ((rd - re x cos 8) x sin 0). In this formula, a value that is 
estimated (in this case, 0.37) may be substituted to rd/re in order to obtain 6 (77°) which 
25 fulfills <|> = 6. 
[0062] 

(c) Subsequently, a method in which a silicon oxide mask with a nearly 
perpendicular (namely, a taper angle is almost 90 degrees) side wall is used but an effect 
of a taper mask is substantially obtained is described referring to FIGS. 14A to 14F. 
30 First, a certain amount, for example, a half, out of desired etching amount of a Pt 50, 
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which is a material to be etched, is etched by using a mask of silicon oxide 51 with a 
nearly perpendicular side wall (FIG. 14B). As described above, a deposition material 
55 is attached to the mask side wall of the silicon oxide 51 in this state (FIG. 14B). 
Next, the deposition material is removed (FIG. 14C). A wet treatment by using pure 
5 water, aqueous ammonia, sulfuric acid, hydrochloric acid, alcohol, a mixture thereof or 
the like is typical as a removal method of the deposition material. A taper angle of a 
convex part 50a of the Pt 50, which is a material to be etched, is (|>1 after the removal of 
the deposition material 55. After the deposition material is removed, the remained 
amount of the Pt 50 is etched again, and thus etching of the desired amount described 

10 above is performed (FIG. 14D). At this time, a deposition film 56 is deposited on side 
walls of the mask of the silicon oxide 51 and the convex part 50a of the Pt 50, and the 
deposition film is deposited in the same manner as the first deposition film 55. In a 
side wall of a convex part 50b of the Pt 50 which is shaved off in the second etching, Pt 
is exposed. A taper angle of the convex part 50b of the Pt 50 obtained as described is 

15 (J>2 (here, ()>1 < <|>2). Thus, a substantial taper mask in which a taper angle is <|>1 and 
including the silicon oxide 51 and the convex part 50a of the Pt 50 is obtained by the 
first etching and the removal of the deposition material right after the etching, as shown 
in FIG. 14C. A taper angle of the material to be etched can be almost perpendicular by 
using such a substantial taper mask. 

20 [0063] 

Note that the taper angle of the material to be etched can be much more 
perpendicular angle by repeating etching and the removal of the deposition material like 
this for a plurality of times. There is an advantage that Pt is immediately etched during 
over etching, when not a deposition material but Pt as a material to be etched is exposed 
25 on a side wall in a shape obtained right after etching. Pt, which is a material to be 
etched, is etched after a deposition film is first etched during over etching, in the case 
where the deposition film is exposed. Thus, there is also an advantage that the over 
etching time can be shortened. 
[0064] 

30 A removal method of a deposition material is described hereinafter. 
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[0065] 

As a removal method of a deposition material, a treatment using water in the 
supercritical state or C02, or a dry treatment with an appropriate gas or the like is 
considered in addition to the wet treatment. The dry treatment may be performed by 
5 using the same apparatus (the same reaction container) as in the etching treatment of Pt. 
Further, etching after a certain frequency and etching after the other frequency that is 
different from the former may be performed by using either the same etching apparatus 
(the same reaction container) or a different apparatus (a different reaction container). 
[0066] 

10 As a dry treatment, a plasma treatment of a sample may be performed by 

supplying, for example, oxygen, hydrogen, ammonia, chlorine, hydrogen chloride or 
alcohol to generate plasma. 
[0067] 

As another method for a wet treatment, for example, there is a method of 
15 exposing to carbon dioxide in the supercritical state added with ammonia, alcohol, 
hydrochloric acid, hydrogen peroxide solution or the like. By this method, chloride 
attached to a side wall can be removed. 
[0068] 

In addition, a rinsing or a drying process may be performed if necessary before 
20 or after a removal process of a deposition material. For example, when a wet 
treatment by using chemical is performed as a removal method of the deposition 
material, a rinsing treatment using pure water may be performed thereafter and then a 
drying treatment may be performed. When etching is performed as described, a point 
where a taper angle is (drastically) changed in the middle of a side wall of a mask or a 
25 material to be etched is generated. Alternatively, it is possible to provide a part where 
the taper angle is apparently different in the middle of the side wall of the mask or the 
material to be etched. Note that most metal chloride is water-soluble. 
[0069] 

Subsequently, a case in which the present invention is applied to a 
30 manufacturing apparatus of a semiconductor device is described, referring to FIGS. 15A 
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and 15B. 
[0070] 

A semiconductor manufacturing apparatus shown in FIG. 15A is a 
manufacturing apparatus of a semiconductor device with multi-chambers, which 
5 includes an etching treatment chamber 901, a robot 903 for wafer transport, a load lock 
chamber 904, an unload lock chamber 905, a loader 906 and a stocker 907. A cassette 
908 is put in the stocker 907. When a wafer is treated in the treatment chamber 901, a 
wafer 105, which is put in the cassette 908 under a nearly atmospheric pressure 
condition, is transported to the load lock chamber 904 under a nearly atmospheric 

10 pressure condition by the loader 906, and then the load lock chamber is closed. After 
having reduced the pressure in the load lock chamber 904 to appropriate pressure, the 
wafer 105 is transported to the treatment chamber 901 by the robot 903 for wafer 
transport, and it is etched halfway. Thereafter, the wafer 105 is transported to the 
treatment chamber 902 for removal of a deposition material by the robot 903 for wafer 

15 transport, and a deposition material attached to a side wall is removed. Subsequently, 
the wafer 105 is transported to the etching treatment chamber 901' again by the robot 
903 for wafer transport, and it is etched by desired amount. Then, the wafer 105 is 
transported to the treatment chamber 902' for removal of a deposition material, and the 
deposition material attached to the side wall is removed. The wafer 105 is transported 

20 to the unload lock chamber 905 by the robot 903 for wafer transport. After having 
raised the pressure in the unload lock chamber 905 to nearly atmospheric pressure, it is 
inserted into the cassette 908 by the loader 906. 
[0071] 

As described above, FIG. 15A shows a semiconductor manufacturing apparatus 
25 which includes a wafer transport device (903), a plurality of treatment chambers (901, 
901') and a plurality of aftertreatment chambers (902, 902') connected to the wafer 
transport device, a plurality of lock chambers (904, 905) and an air transport device 
(906) adjacent to the plurality of lock chambers, wherein the air transport device can be 
connected to the plurality of lock chambers and to a wafer cassette (908) adjacent to the 
30 air transport device. A material to be treated is etched in any one of the plurality of 
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treatment chambers, and aftertreatment is performed in any one of the plurality of 
aftertreatment chambers. After that, it is etched in any one of the plurality of treatment 
chambers, and further aftertreatment is performed in any one of the plurality of 
aftertreatment chambers. 
5 [0072] 

Alternatively, a vacuum cassette may be used as shown in FIG. 15B, although 
an atmospheric air cassette is used in the example of FIG. 15A. Namely, FIG. 15B 
shows a semiconductor manufacturing apparatus which includes a wafer transport 
device (903), a plurality of treatment chambers (901, 901') connected to the wafer 

10 transport device, a plurality of lock chambers (904, 905) and an air transport device 
(906) adjacent to the lock chambers, wherein the air transport device can be connected 
to the plurality of lock chambers, an aftertreatment chamber (902) adjacent to the air 
transport device and a wafer cassette (908). A material to be treated may be etched in 
any one of the plurality of treatment chambers, and then aftertreatment may be 

15 performed in the aftertreatment chamber. After that, it may be etched in any one of the 
plurality of treatment chambers, and further aftertreatment may be performed in the 
aftertreatment chamber. 
[0073] 

In addition, although a deposition removal treatment is performed under a 
20 vacuum condition in the description, it may be performed also under an atmospheric 
pressure condition. 
[0074] 

Further, in the above example, two etching treatments are performed in 
different etching treatment chambers 901 and 901', but only the same treatment 

25 chamber 901 may be used for several times. When a different treatment chamber is 
used as an etching treatment chamber, there is an advantage that a stable etching is 
possible under a different condition depending on a film type in etching of a laminated 
film. It is also possible to perform both etching and a deposition removal treatment in 
the same chamber. 

30 [0075] 
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Subsequently, an etching method of a laminated film such as Pt/PZT/Pt, which 
is a memory portion of a ferroelectric memory, with a mask having a substantial taper 
shape by using a method (c) described in FIGS. 14A to 14F, is described referring to 
FIGS. 16A to 16D. In this case, when Pt/PZT/Pt films 61-63 shown in FIG. 16A are 
5 processed in one etching, deposition of a deposition material proceeds inevitably in a 
side wall of these layers 61-63, and a shape described in FIG. 16D is obtained. 
Namely, there is a great difference between a size of a mask 64 and an obtained size of a 
material to be etched. This difference of the size prevents miniaturization. 
[0076] 

10 Thus, etching is stopped to remove a deposition material right before a 

conductive (for example, Pt) film 61, which is located under an insulating film (PZT) 62, 
is etched (FIG. 16B). Then, a taper angle of PZT/Pt films 62-63 becomes (|>3. 
Thereafter, when etching is performed again, a shape as shown in FIG. 16C is obtained. 
A taper angle of the Pt film 61 is <{>4 in this case (here, $3 < (|>4). What is characteristic 

15 here is that conductors formed of the same material (for example, Pt films 61,63) are 
formed above and below the insulating film (PZT) 62, however, the taper angles (J)3 and 
c|)4 are different from each other. A taper angle <j)4 can be set larger than the taper 
angle <j>5 shown in FIG. 16 as a matter of course. 
[0077] 

20 A substantial taper mask having a taper angle of <J>3 formed of the insulating 

film (PZT) 62 and a conductive (for example, Pt) film 63 can be obtained by the first 
etching and a removal of a deposition material right after the etching as shown in FIG. 
16C. A taper angle of the material to be etched can be nearly perpendicular angle in a 
laminated film by using such a substantial taper mask. 

25 [0078] 

In addition, an etching method of a laminated film of an MRAM (magnetic 
random access memory) which is expected as a memory device for the following 
generation, with a substantial taper shaped mask by using the method (c) shown in FIGS 
14A to 14F or the method shown in FIGS 16A to 16C, is described referring to FIGS. 
30 17A to 17D. 



[0079] 

An MRAM includes a laminated film as shown in FIG. 17A. Namely, from 
above, a ferromagnetic material (for example, Co) 76, an insulating film (for example, 
A1203) 75, a ferromagnetic material (for example, Co) 74, an antiferromagnetic material 
5 (for example, FeMn) 73 and base materials (for example, Co and Si) 72, 71. Note that 

70 is a silicon oxide film 70, for example. In MRAM, it is expected to etch these films 

71 to 76 by using one mask. 
[0080] 

In this case, for example, when attachment of a reaction product to the FeMn 
10 film 73 is remarkable compared with that of other materials, etching is stopped to 
remove a deposition material right before etching of the FeMn film 73 is started (FIG. 
17B). Then, a taper angle of the films 74-76 becomes $ 6. If etching is started again, 
the FeMn film 73 can be also etched to an almost perpendicular shape (FIG. 17C). At 
this time, a taper angle of the FeMn film 73 is (|>7, and <j>6 < $7. As described, a 
15 substantial taper mask formed of the films 73 -76 wherein a taper angle is changed in 
the middle as shown in FIG. 17C, can be obtained by the first etching and the removal 
of a deposition material right after the etching and by the second etching and the 
removal of a deposition material right after the etching. By using the substantial taper 
mask 73 - 77 like this, a taper angle <|)8 of materials to be etched 71 and 72 can be 
20 almost perpendicular angle in a laminated film such as MRAM (here, <|>6 < <j)7 < <t>8). 
[0081] 

Mainly Fe, Co, Ni, Mn or a compound thereof is considered as a ferromagnetic 
material and they are known as a hard-etched material. Note that 77 is a mask in a 
diagram. 
25 [0082] 

In the above mentioned example, a method for devising a mask shape or a 
substantial taper mask shape is described in order to form a side wall of a material to be 
etched into an almost perpendicular shape. The present invention, which will be 
described below, however, is a method for forming a side wall of a material to be etched 
30 into a perpendicular shape by changing an etching condition. 
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[0083] 

As described above, a taper angle in etching is determined by rd/re, which is a 
ratio of a depo-rate rd to a side wall of a mask or a material to be etched and an etching 
rate re of a bottom surface. As rd/re is smaller, the taper angle of the side wall of the 
5 material to be etched can be closer to perpendicular. 
[0084] 

So far, etching is performed under a condition in which a deposition material is 
unlikely to be attached to a wall of a vacuum container (104 in FIG. 3), but it is 
effective to lower the concentration of a reaction product in the vacuum container in 

10 order to reduce attachment of a deposition material. To reduce the concentration of the 
reaction product in gas phase under a condition in which no deposition material is 
attached to the wall of the vacuum container, there are only two ways whether the 
reaction product in gas phase is evacuated outside the vacuum container or it is made 
attach to a side wall of a mask or a material to be etched. Thus, practically, the 

15 concentration of the reaction product in gas phase is maintained high under a condition 
in which no deposition material is attached to the wall of the vacuum container. 
[0085] 

However, impedance of a load 115 is lowered in FIG. 3 and current flowing to 
an electrostatic coupling antenna 118 is made small so that a reaction product is easily 

20 attached to a wall of the vacuum container 104. The concentration of the reaction 
product is lowered because the reaction product in gas phase is attached to the wall of 
the vacuum container at this time, thus the amount of the reaction product, which is 
incident from gas phase to a wafer, is reduced. Accordingly, deposition of a deposition 
material on a side wall of a mask or a material to be etched is reduced, and thus an 

25 almost perpendicular shape of the side wall of the material to be etched can be obtained, 
even if a mask with a side wall of almost 90 degrees is used. 
[0086] 

However, when the deposition material is attached to the wall of the vacuum 
container, a condition of plasma is changed or particles can be generated, thus it is 
30 necessary to remove the deposition material regularly. Therefore, for example, a 
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removal treatment of the deposition material (namely, a treatment to increase the current 
flowing to the electrostatic coupling antenna 118 or the like) is performed every time 
after a treatment of one or a plurality of wafers is finished. 
[0087] 

5 Here, a temperature of the wafer holder (sample holder) 109 may be made 

higher than in etching not to attach a deposition material to the wafer holder 109 so that 
the deposition material is immediately evacuated outside the vacuum container 104. 
On the contrary, the temperature of the wafer holder 109 may be lowered to attach the 
deposition material actively to the holder or the wafer on the holder so that the 
10 deposition material is not reflected from the holder or the wafer on the holder, and thus 
the deposition material is prevented from attaching to the wall of the vacuum container 
again, which promotes evacuation of the deposition material. 
[0088] 

[Effect of the Invention] 
15 According to the present invention, in etching of a material in which a process 

shape with a perpendicular side wall is not easily obtained, an etching shape with a 

nearly perpendicular side wall can be obtained by using a taper shaped mask or the like, 

and thus a highly functional semiconductor device or a highly integrated semiconductor 

device can be manufactured. 
20 [Brief Description of the Drawings] 

[FIG. 1] A cross-sectional view to describe an etching treatment by using a mask with a 

perpendicular side wall. 

[FIG. 2] A cross-sectional view to describe an etching treatment by using a mask with a 
perpendicular side wall. 
25 [FIG. 3] A diagram showing a whole structure example of a plasma etching apparatus to 
which the present invention is applied. 

[FIG. 4] A cross-sectional view to describe an etching treatment when a taper angle 6 of 
a mask is supposed to be less than 90 degrees. 

[FIG. 5] A cross-sectional view to describe an deposition condition of a deposition 
30 material to a mask side wall and a relationship with a taper angle (J) of a material to be 
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etched, when a taper angle 9 of a mask is gradually reduced from 90 degrees. 

[FIG. 6] A diagram showing a relationship between a taper angle of a mask and a taper 

angle of a material to be etched. 

[FIG. 7] A diagram showing a relationship between a taper angle of a mask and a taper 
5 angle of a material to be etched in a region where the taper angle of the mask is less 
than a limited value and in a region where it is equal to or more than the limited value. 
[FIG. 8] A diagram to describe a method of controlling a taper angle of a mask by a 
component of an etching gas or by etching pressure. 

[FIG. 9] A diagram to describe a method of controlling a taper angle of a mask by wet 
10 etching. 

[FIG. 10] A diagram to describe a method of controlling a taper angle of a mask by wet 
etching. 

[FIG. 11] A diagram to describe another method of controlling a taper angle of a mask 
by wet etching. 

15 [FIG. 12] A diagram to describe a method of controlling a taper angle of a mask by dry 
etching and wet etching. 

[FIG. 13] A diagram to describe another method of controlling a taper angle of a mask 
by dry etching and wet etching. 

[FIG. 14] A diagram to describe a method to substantially obtain effect of a taper 
20 shaped mask by using a mask in which a taper angle is nearly 90 degrees. 

[FIG. 15] FIG. 15A is a block diagram showing a structure example of a manufacturing 

apparatus for a semiconductor device to which the present invention is applied. FIG. 

15B is a block diagram showing another structure example of a manufacturing 

apparatus for a semiconductor device to which the present invention is applied. 
25 [FIG. 16] A diagram to describe a method to substantially obtain effect of a taper 

shaped mask in a ferroelectric memory by using a mask with a taper angle of nearly 90 

degrees. 

[FIG. 17] A diagram to describe a method to substantially obtain effect of a taper 
shaped mask in MRAM by using a mask with a taper angle of nearly 90 degrees. 
30 [FIG. 18] A cross-sectional view to describe an etching treatment by using a mask with 
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a perpendicular side wall. 
[Explanation of Reference Numerals] 
10 mask 

20 material to be etched 
5 21 upper surface of material to be etched 
25 deposition material. 

30 upper surface portion of deposition material. 



(Explanations in the Drawings) 
10 [FIG. 3] 102: Automatic matching unit 
106: Gas introduction portion 
107: Evacuation 
115: Load 
[FIG. 4] A: Before etching 
15 B: After etching 

C: After removal of a deposition material 
[FIG. 5] A: Parallel to a mask side wall 

B: A deposition material is exposed 
D: A mask or a base is exposed 
20 [FIG. 6] Horizontal axis: A taper angle of a mask, Region A 

Vertical axis: A taper angle of a material to be etched, Region B 
[FIG. 7A] Region A 

An exposed surface is a deposition material. 

A deposition material is attached to a mask. An etching taper angle (J> 
25 depends on a taper angle 9 of a mask. 

[FIG. 7B] Region B 

An exposed surface is a base. 

A deposition material is not attached to a mask. An etching taper angle (}> is 
constant independently of a taper angle 6 of a mask ((t>m). 
30 [FIG. 8] A: Photoresist 
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[FIG. 10A, 10D, 10G] Polysilicon 

[FIG. 17] (From above) A ferromagnetic layer, an insulating layer, a ferromagnetic 
layer, 

an antiferromagnetic layer, base layers. 
5 [FIG. 18] (From above) A mask, a PT film. 
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10 [Amendment 1] 

[Documents Amended] Specification 

[Items Amended] Scope of claims 

[Method of Amendment] Modification 

[Contents of Amendment] 
15 [Scope of Claims] 

[Claim 1] 

An etching method, by which a film is etched with plasma by using the film of 
a hard-etched material formed on a substrate and a mask formed thereon, characterized 
by comprising the step of etching by using the mask with a side wall having an angle of 
20 less than 90 degrees to the substrate surface. 
[Claim 2] 

The etching method as described in claim 1, characterized in that the film is 
formed from any one of Fe, Co, Mn, Ni, Pt, Ru, Ru02, Ta, Ir, Ir02, Os, Pd, Au, Ta205, 
PZT, BST, SBT, A1203, Hf02, Zr02, GaAs and ITO. 
25 [Claim 3] 

An etching method, by which a film is etched with plasma by using the film of 
a hard-etched material formed on a substrate and a mask formed thereon, characterized 
by comprising the step of etching by using the mask with a side wall having a taper 
angle (0) of less than 90 degrees to the substrate surface so that a taper angle ((j>) of the 
30 film to the substrate surface after etching is made equal to or more than the taper angle 
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(6) of the mask. 
[Claim 4] 

An etching method, by which a film is etched with plasma by using the film of 
a hard-etched material formed on a substrate and a mask formed thereon, characterized 
5 by comprising: 

a step of forming the mask so that a taper angle of the mask side wall to the 
substrate surface is made less than 90 degrees, and 

a step of etching by using the mask, 
[Claim 5] 

10 The etching method of the hard-etched material as described in claim 4. 

characterized in that the step of forming the mask includes the step of etching the mask. 
[Claim 6] 

The etching method of the hard-etched material as described in claim 5, 
characterized in that the step of etching the mask includes a step of etching the mask 
15 again after cleaning is performed in the middle of the etching of the mask . 
[Claim 7] 

The etching method of the hard-etched material as described in claim 4± 
characterized in that the film is formed from any one of Fe. Co, Mn. Ni, Pt. Ru, Ru02, 
Ta. Ir. Ir02. Os, Pd, Au. Ti. TiOx. SrRu03, (La, SrtCo03. Cu(Ba, SrYTi03, SRO: SrTiQ3, 
20 BTO: BaTi03. SrTa206, Sr2Ta207, ZnO, A1203, Zr02. Hf02, Ta205. PbfZr, Tim PbfZr, 
TnNb208. (Pb, LaYZr. Tim PbTiNbOx. SrBi2Ta209. SrBi2(Ta. 1^209. Bi4Ti3012, 
BiSiOx, Bi^ La.ThOi ?. and InTiO. 
[Claim 8] 

A semiconductor manufacturing method, bv which a semiconductor is 
25 manufactured bv using at least one layer of a hard-etched material formed on a substrate 
and a mask formed thereon, characterized bv comprising the steps of: 

etching the hard-etched material bv using the mask, 

cleaning in the middle of the etching and 

etching the hard-etched material again bv using the mask thereafter. 
30 [Claim 9] 
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A semiconductor device manufactured by the semiconductor manufacturing 
method as described in claim 8, characterized by comprising: 
a substrate, and 

at least one layer of a hard-etched material formed on the substrate, 
wherein a taper angle of a side wall of the hard-etched material is changed in 
the middle of the side wall. 
[Claim 10] 

An etching method, in which a reaction product is attached to a wall of an 
etching apparatus, characterized by comprising the step of attaching the reaction 
product continuously to the wall of the etching apparatus until a treatment of at least one 
piece of wafer is finished so that an angle of a side wall of the material to be etched 
formed on a substrate to the substrate surface is set to substantially 90 degrees. 
[Claim 11] 

The etching method as described in claim 10 characterized by comprising 
15 further the step of removing the reaction product attached to the wall of the etching 
apparatus regularly. 
[Claim 12] 

An etching method, in which a semiconductor manufacturing apparatus is used; 
which is provided with a wafer transport device, a plurality of treatment chambers and a 
20 plurality of aftertreatment chambers connected to the wafer transport device, a plurality 
of lock chambers and an air transport device adjacent to the lock chambers, and in 
which the air transport device can be connected to the plurality of lock chambers and a 
wafer cassette adjacent to the air transport device; the method characterized by 
comprising the steps of: 

25 performing aftertreatment in any one of the plurality of aftertreatment 

chambers after etching is performed on a material to be treated in any one of the 
plurality of treatment chambers, and 

performing further aftertreatment in any one of the plurality of aftertreatment 
chambers after etching is performed in any one of the plurality of treatment chambers. 

30 [Claim 13] 
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An etching method, in which a semiconductor manufacturing apparatus is used: 
which is provided with a wafer transport device, a plurality of treatment chambers 
connected to the wafer transport device, a plurality of lock chambers and an air 
trans port device adjacent to the lock chambers, and in which the air transport device can 
5 be connected to the plurality of lock chambers, an aftertreatment chamber adjacent to 
the air transport device and a wafer cassette: the method characterized by comprising 
the steps of 

performing aftertreatment in the aftertreatment chamber after etching is 
performed on a material to be treated in any one of the plurality of treatment chambers, 
10 and 

performing further aftertreatment in the aftertreatment chamber after etching is 
performed in any one of the plurality of treatment chambers. 
[Claim 14] 

An etching method, in which a film is etched with plasma by using the film 
15 formed from any one of Pt, Ru, Ir, PZT, SBT, Co, Mn and Fe on a substrate and a mask 
formed thereon, characterized by comprising the step of etching by using a hard mask 
with a side wall having an angle of less than 80 degrees to the substrate surface. 
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7— /1-:ftg<p£fi;*: (<£m) <fr*RBI l MB£&£. fc 

[0 0 3 3] &*5. C©«fcp7i£^Xi7»^-/1-^g0 

J^tXte-S. C^Trd/reUTX?, KX7f>^ 20 

ggtxigAf 3#x»»f L g^) (cJ:0-^Wlcft^$n 
*. -SSfiX. R*«»rtOffi*3J*»<«C*a r d/ r e 
te/h£<&0. $££J&§SiX®AT£>;tfXCDSitfi7&<;*: 
#<ft-5flr d/r e fct/h;* < 
[0 0 3 4] El 6 llS^n^i^lC. rd/r 
e = 0. 50^-&ICtt, 7X^Of-/t-ftS9J9 0 
SA^M^StSt. VX?©f— Z^— agflJXStStfc 

Or-A-flK9^7 2*S-CM'>$-e-Si. ftXy 30 

<p) . 0 5 CCDtK^IXte-S. IP*, 0 = 6 0 = £ = (f>m 

'>ltfc (0<0O) . 8lyf««)7- A-^Sfi* 

[0 0 3 5] lot, 06IC:fcUT. i&L teVX ? GDf 
-/1-ftgcDfS#M6> 0€r*-r=bW-C«>. fcl, 
Ate0>0 OCDffitrr 1 . ^X^tC^tf^tt^U «X 

WAtf. rd/re = 0. 4 »I-;fttiO 

7—n—&m<t>&7 ogKgs^Lfct^S^cite. ^x^ 

[0 0 3 6] jfctfK. ffli©r-^-fta/l<9 Og*i 
WVX?CDJ£j5£^ffilXOUTt&BJ!T-2>o 

[0 0 3 7] diTli. -CJtLT, P t SrgHfcv'J 3 
><D/\- KvX?£flH>TX ^>:?-r-£>*8"&ICXU>T 
SMUT*. 50 
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[0 0 3 8] (a) 5fe-f. Xy5 L >^^XOBg^x> 
'/BE*) tc J: 0 v x ? <t L TCDgHfc > U n >m ©ffl® 
©f -A-ftgS Wt^^ffiCO^TI 8 A - 8 E4 
^IBUTBlwr*. P t 5 0±lcKft:-> l J3>Btft«t» 

X* hUv'X 1-5 2^m^C0A^ — >lc/t^ — x>^t" 
•5 (0 8A) o *l:iiLT7DD*-*>^Xi> 
iD^Sg^iffiD^Jni^X^ffl^T. ^b->'J=i>$rT— 
/■?-^(CXy^>yf-5 (08 B) . dCDi^X-yf 1 

>y^^>/N'-ic^A-r^^xcomfi£^^)o#^.>io. 

X-y^>^)E7aS:^AfcO-r^>Cl<i:t?, SftyU3>$: 

[0 0 3 9] ^J^te^-A-J^tt^X^?-^ 
ti. 0»J*.tf. J. Vac. Sci. Technol.A 14. 1832 (199 

0^17 f > X*J£*J IX J; D 'J XI >8g Of- 

iftlxte. f-MM^8 6° C*hl/i;7hSfflH. C 
F 4 CD Sit ft ^ 2 0 s c c m. /t-f 7X/17- d< 1 0 0 W 
£U5Xyf ^fctttCSS^T, JE*7£4 OmTo r r 
*»e.3 0 0mTor rlC^t^tSiiT. JgJ&£tl-5 
Sftv' 'J □ >KOf 8 0 1 ^6.5 1° fcJK 
-fk-r-5. mtlifi* OmTo rr, CHF3tCF 

4CQ*gffitSrt<2 0 s c cmtUoX7f>^tti:t5^ 
T-^©fi£#lt (CHF3 in CF4 (%) ) £ 0 % rt^ 5 0 

XKlXflS$«« ctt, «Mt-> 'J xi >K©f- A-ftS 
[0 0 4 0] CC0d;5(C. ^b->U xi >a«^fficox 

/BUT. MAX®? 1 -/'*— ftKtfMffT#«C£jP*>* 

[0041] mt->>j^>me>T—rt-&8itf9 og* 

SUCj&fiETT^fce (EI 8 B) . X* h UvX h 5 2 
3rr* (138 C) „ ifclC*S«^X-y^>^grtcOR)f 
SWIiBtCSgitL-. X-y^>x**^T*t)n (08 D) . 
^-CQfg. TX^5 1 <Dm£rffttS.tltlZ> (08 E) . 

[0 0 4 2] VXi7©f-/1-ft*$r9 0S*#HcJgfi£ 
•t&fzStXDmcox-y^yi/Jj&tisTte, U.S. Patent 
No. 5> 856. 239l;i7f:£*lTU£. 

[0 0 4 3] (b) £\Z. ^lyKXyfCiO^X? 
b. LTWgSHbi' U XI >(7>-T"— /I — ftBltt 9 Offi*^(C^ 

n. J. Appl. Phys., Vol. 34 (1995), pp. 2132-2136 
tC^^$nT^-5. IP*. 09 AIC^-T^IX. P t 5 
0 £ X y 9- > iff Z> mo) "7 X 0 <h L X <Dm.it ~> ') XI >m 
5 lCD±(xm^CO/1^->W#U->'jr]>a||5 2^^5g 
L. Ctl^-^O^frT. HFTKiS^lCja-r. #U->'J 
3>Ki5 2«HF*ilTl7f>y2nfel^. 

->'jxi>BJ5 i ttH f *iitT^*Wi:x 7f > y S 
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-?7>9&m^T3iy5 L >if't> i f7tet)tl (09 D) • 
7X^7 5 1 <Dffc&tffr&t>tlZ> (§9E) . 
[0044] Ell 0 A - 1 3DH Htfffi W-fX) T 

[0045] 9tr. hi OA- i onc«-r*fttt, v 

fc-)i7hXyfWWtT, BUS (1MX) 

hi oa, ioD, i oG£*n^tta*TOK:ji&sj* 

STL T2, T 3 (DmitisV 3 >ms l&J&tiLLTtS 
3>ilfl!)JPSCKi;fcB»M^tfTft'5t* HI OB, 1 

oe, i oHic^n^n^-raica&s^-^-ftKo) 

5 2CDf&££fT?£. 01OC, 1 0 F, 10 1 IC^-T 
2, 0 3 CCT, 0 1>0 2>0 3) WTsittmfSL 

[0046] 01 1A-H1 1 I JC^-T^ffitt, VX^7 

-A-MOVXi? ^ fc^TS)^), fi»JAtf, 0 30 
11 A, 11D, 1 iGi:tft^nst«i:ftft5)l 

(-♦MX) WL W2> W3©7^-Ati/y^hT'S> 
^•Jy'Ja>l5 2^MLT^> *G>», HFtcJ: 

Jc^UfcWIB^H-fT&it. 01 1 B. HE, iih 

T*4, fct, *UyUa>K5 2©|»SS 

fT-5t, 011c, iif, 1 1 i ic^-raic-en^n 

|pli:<i (1MX) T'T-^-ft&O 4, 0 5, 9 6 (d 
CT, H>^5>06) SP 40 

[0047] 01 2A- 1 3DliK7<X7^t'Jx7 

[0048] 0 1 2 A - 1 2 C tC^f^ffilCiSHTtt, 
/^-X>yi (01 2A) . *^<Df£. F7<X 7 fC 

«to»{b->U3>i«5 i<o-a*««Sia*c**jsaT 

hlfc'ttB'JO (0 12B) , ^<£>?£, "JiyH-yf* 50 
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fT&oTgHtvll=J>BS5 1 JC^- /t-£fig»*& t><DT 
(0 1 2 C) o 

[OO49]013A-1 SDlC^T^ffilC&UTfcL 
iM\ #'J->l>n>lK5 2*±ElB (tt<X) W4£te 
»&*Br£<&*I (D-^TX) W5i:/^-x>i/l (0 1 
3A) , t<D'&, h*7< x y ^icJ:0Bj{fcyUa>Bl5 
1 BB*StfSiB«r±ieBSTh l<htegft£JP£T 
h2fcnt»J<9 (01 3 B) , -^co^, -)x7hX7^ 

&Z> (0 1 3 C) o 
[0 0 5 0] C(D^ptC, 01 2A, 13ATffllifc* 

U">u=3>K5 2<o/pstti?ii;Th-r**fr^t. # 

[0 0 5 1] ±KcDCtl^O^-/1-VX^^fiE*te^ 

[0 0 5 2] ££TA#WtCSi02<&^X£*^TJS$ 

[0 0 5 3] BfJ$<D<fc?t3, x^>y<&[Rt£fflt>S;tf 
XB£tLTl*t*D, ^X/\tC/\WTXmjE£W2ra 
LTX7f>m^ dO<h^, Si02(DX^>^ 
S£P t ©X7?>ya«ttra8«a©T, Si02^X^ 

5 /im^T-So 

[0 0 5 4] si(Z)gi(:*3UT, y^XT^^tciKi 
#T#-&*ttTtt. rd/rett»*-S«H±t4 
0, CCt«f(Ol/M^0. 4 CO^f, 0 

6fCcfcn«Si02VXi7(O^— /V-fc3?#9 0° <Dt$. 
P t €:Xy^>i/-r^C<htC < toTP t Bl<7)^-/1-£i 
m\t5 7° tftSo 

[0 0 5 5] EP^, P t CDj£®(£>1)Iyte, Si02VX^O 
fi«fcO, fr«xl, x2^tlftn?»0. 3//mf;tt 
^c#<ttS. Ctl^x l=x2 = 0. 5/zmTtand) 
= 0. 5 /im~ t a n 5 7 ° #><~>2}<£<5o fifoT, TX 
^<D£*S£0. S/zm^nt, Ptg^O. 5 umtz 
ft 3Ly Z>£, P t CDJSECDtlytey = 0. 5m 

m+xl+x2 = l. 1 /imC^'So 

[0 0 5 6] tC5^, W&<D^-rtlfr<Djj&T!S\Q2<D 

tx 7 f>mi:, x 7 f >^PtKOr-A- 
ft8EU7 0 < T% P t fit<&j£ffi<B|iytt. ^X^OiflJ; 
0, M-fllTttO. 2 Mmfctt^c^<^^ 0 fcl, Pt 
Bgtf>j£®0D£4@y tefc^O . 9/zm(y=0. 5/im + 
0. 2/im+O. 2 um) Lt£Z> 0 
[0 0 5 7] Z.(D^o\Z^7.!7(Dy—n-^m,^fb^< 
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[0 0 5 8] ZZIZ. ^Xi7(D^-/^-^S*/jN$<-r 

[0 0 5 9] It^T, r— /^-ft«*<*S<ttO, 

[0 0 6 0] Z.<D^X?<Dt— /t— 0 tt, Sit& 10 

<J> (tWtf6 0° ) #t#«E>tt;t<*:-tSo 

I^«t0, f^#TOrd/reCOl (0. 3 7) T^ft 

a; 

[0061] tand)= (re-rd) / ( (rd-r 
e x c o s 0) x s i n 0) 

r d/d efcffi^LfcM (u^O. 3 7) £ft 
AL, <t> = 0&aSfc-T0 (7 7° ) **«>ntf«fct>. 20 

[0 0 6.2] (c) #IC, fl!fijW3&£it&: (1P%> x 

l>S^ jmBl:f-^-V7?©»**«»6n5*S 
U:m>TB 1 4 A- 1 4 F*#HBLTBt9!t~£>. 

X-y^^ttT&SP t 5 Q<OmW.<D3LyT>ifm<DO 

B) o ±EL,fc«fc'5K:. C<Z>«S8Ttt»<ki> l j3>5 1 

(DVXi?Offlii:f 5 WtLTV^ (HI 4 

B) . WZ^Tf^CDm^ftO (014C) o ^<Dy"^ 30 

tt. »Xyf>5 r tJT*§P t 5 0£>dbSB5 0 a©f- 
ft««4> i x#«o»*««c, Ptsoi: 

o HTWtfS 0 cDSfc ttx y > i^frfc I > . ±fBffiM 
C0S<^X-y^>^^fT^ (BHD) o ZKDizgWtitzs 
'J=3>5 1 CDVX^Rtf P t 5 0£>£ig&5 0 atDfiJgfc: 

K5 5t«ffBi;«k5i:*««. 2[h]BcDX^>^ 40 
Tgije>tlfcP t 5 OCDfigKS 0 b(0fiigttP t tflatUT 
So ZoLT'&*>ntz* Pt50<DOB55 0 bOr-^ 
-&mi*<l> 2 £U2> (Cut, <M<<f>2) o ^<D£o 
ic, l @aox^^>^ct^<DiS«a>x^^*«c: 

P t 5 0CDOS&5 0 a*>&J*S. T— /1-ftfia*<f> 1 

HWftf-A-7^^SfflM^(!:l: ( l:0ttX7f>y 

tt^x-^-ftffiSSiEICifitiftffii: L^S Ziilzte 

So 50 



4*68 2003-257950 
14 

[0 0 6 3] &*3* COcfcifcXy^yfc^tf&tt* 

ftgzzzibizmmiz&^ftmt-rzziitfTg&o x. y 

y^>tfttT~&Z>P t angfcBLT^St, /t— Xy 
^EjlC-tOCP t^X7f>^nStl^/'j7 h# 

P#(C^-r^*^^x^^>^LT^b, Sx 7 f>^ 
t*§PtSX7f>mcti:&§. Lfc^oT, 

So 

[0 0 6 4] ^*{C^#^^*^ffitCO^TI»^-r 

So 

[0 0 6 5] f#*©»i*fttUTtt^X7 hiaso 

^*i:ck5H5<»it>*A6n*. Cc^H^^^S 
tt, p t cDx^5 L >^5as<h|Bi-o^gm (|W|— cos 

x^5 L >y^M^lHlScB^x^5 1 >^«l^— OX7f> 

ft «ffi©KJS§g) Sffl^TWK 
[0 0 6 6] K^MItim 09A«, RSI, 7X 

[0 0 6 7] ^xy bmm<D&l<D^£LX^ ®\X 
tf- ffitt#tt»OXlMt«*l;:7> ; Ex7. 7;Un- 

So 

[0 0 6 8] j&^tCJ&UT, r#»©|»Slifl!) 

iCXy^^frfcii, ^X^£fcte&X^>^# 

^snc^c^o 7x?sfc«sx7? : 

[0 0 6 9] wz*m&m&*mfrTW xmmmmiz 
mmLtzmGiz-o^xm 1 s a, i5B6#»ltk« 

TS e 

[0 0 7 0] HI 5 A«C«-r*W{*Hjg*{Htt. 
yj!lll90 1, ■>XA»2lfflD#7h 9 0 3, d-K 

□ 7^1904, 7>a-HD7^i9 0 5, □— y— 

9 0 6, Xh7*-9 0 7 S^t5o Xh7*-907 
iZltX-ty h 9 0 8#<i5ft*n*. ^x/\^sas^9 0 1 
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-euim-r&tgtztt. mi^\S.^mz^>^ti-izy K9 

0 8iCAn^nfc^X/N 1 0 5&n-y— 9 O 6TII« 
nyZMZmtZ. a— \ ( ay^M9 0 4<D&J]&m% 

tS.&.tl\Zffi.f£\stz(D-lE>\Z. 'jXAjglfflD^-y h 9 0 3 
Tfl/MOSSMligOlCffilL. j^4>^TX-y 

^>yr-5. ^-cow*.. ^x/w o 5^o^\m&ma 

-y h 9 0 3 T'^r#*«lS*9 0 2 tcMSiHU M&iZ 

M»&j£fflP#-y h 9 0 3TX7f>yj!!llI9 0 1' I: 10 

A10 5£f#HMIi9 0 2' lCj&j£bT. M&IZ 
^^fcxtf^fSfc^T-S. -en^e, 'JlAl 0 5€-?X 
/Nfi&iMffiPtf-;/ h 9 0 3T-T>D- Kn<y^^9 0 5C 

ffi£-T?±# 0 6f*t7 h 9 0 

[0 0 7 1] Z\<D£v\Z. il5All £XAjJ&i£gB 

003) <t. mo^;\M % Mmmizmm-?z>iM.wi.<Dii!iw 

t (90L 9 0 1*) fei^I&OiMii (9 0 20 

2. 9 0 2' ) t. a (9 0 4. 

9 0 5) <h. 7 >A-i;iSLfc*tlIg 
® (9 0 6) . KA^JgMSg«Hul2*g"ic©n 

7^/ft>A'-i IStfclaSgiSigB ICBIS L tz V X/\* -t 

h 008) tizim^mfc^m&mi&mmT'&io. 

SffiS^^Sfifes&rojas^rov^-rn^-o-rx -y 5f > 

[0 0 7 2] £fc. 01 5 A©0«JT«^*-fe-y h^ffl 
I^Jtj&<, SI 1 5 B©«fc -5 CIS h^fflUTfcJ; 

IP*-. B15BI1 fXAfftSISH (9 0 3) £. 
R?XA»2t«Efc«ttr**ft©fflM (9 0 1. 9 
0 1') t. ifgScOP-yi^r >A*- (9 0 4. 9 0 
5) <b. RDyi'^+WC-JCBIftL&^cailRagtB 

(9 0 6) tt^Stt&SBttfflliattftODy 

02) f)in*t7h 008) tizmt&simtji^m 
n^-oTx-y?>^Lfco^. wge^s^-c^a 
i7?>^u \z mw&vmm-e'&tmnts. o&o 

[0 0 7 3] 5f>IC. 8t9!±. ^^ffliittft^^fr 

[0 0 7 4] ±82OTC9JT«, 2 (Urox y ^>y^ 

S^S'JC0X y^>^J1^9 0 1 £9 0 1 ' £ffll^Tff 
£co£#, |5li:j?lS^9 0 1 CD*£&gclH]£flH>Tt>«fc 
l>. X 7 f>7'llItLT»iI!llI$«^ ;* 'J y r- 50 
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«. 83egss:x-y9 L >^-r-s*^. Wkmrnzmtzzzkn- 

Tf^{CX-y^>^T§-5C<tT-^>-5. I7?>nr 

[0 0 7 5] '&€\Z. ±g2C90 1 4 A - 1 4 FIC^TTj 
ft (c) Srffl^T, ^gia^^t'JO^^U— 
Pt/PZT/P t<c£©aJB8l*SIHflSU^T— /^-tt 
C0^X^€-ffl^TX-y^>i/-r-5^fttCt3UT[a 1 6 A 
-16D$#ILTlSWn. C 016AJC7F 
-fPt/PZT/PtflS!61-6 3 $-IaI^)X^^>y 
T-JOIf £><!=. ^^6<){C^tie,©S6 1 - 6 3C0MS.\Z 
*3UTx^WJtW^JlfTL. 01 6DlC7*fftm<i:& 
£. IP*,. VXi7 6 4<7)T|-j£ < hf§£.n&&X^>£'# 

[0 0 7 6] fuT, *e^K (PZT) 6 2 (DTK-KB 

IC. X-y^^^LTxtfBfci^TTC" (0 16 

B) . "T-Si:. PZT/P tI6 2- 6 3©f-A-ft 

mt<t>3 iitt.2>. -t-Ofifc. fSr>'X>y^>y£TT 

0 1 6 cic^-r«t ^^jg^d^^n-s. p 

tl6 1©r-A-M«*4tS:5 (CdT. <t>3< 
<t>4) o &S!tW&©li. tfiflUBt (PZT) 6 2©±TJC 
tefSlUfcTStW^tt (0iJA«P t!61, 6 3) tfMl&Z 

nx^s*«, ^n€>o^— /t-^a<t> 3. <f>4aw«c-5 

CttSS. #Jt8i. 0 1 6 DtdTp-r^— a— 

<|> 5 J; 0 ^-A-£iS <t> 4 < 
[0 0 7 7] ^CDJ;5tC. 1 iaarox-y^>y*5d:UC^- 

oia^co^^ifCctcT. 0 1 6 cic^-r^ptc. 

tfitUtl (PZT) 6 2BL^ft: (#J;U;£P t) 16 3* 
f-/VftS^*3 0. SlSW/i-^— 

^SdtlctO, WBBIlciiUT, «x-y^>y«©^ 

-rt-fimzmw.izm*n§t£Lmzz.ii{zuz> 0 

[0 0 7 8] ^fc. Jiffi©0 1 4 A — 1 4 F (CifJS 
(c) . X«±f2©0 1 6 A - 1 6Cl:*t^S$I^ 

M (magnetic random access memory) ©ISSKSrllM 

ic t- - / 1 - « © v x ^ £ ffl irt x x ? > y f -5 # ft I C 

O^T0 1 7 A - 1 7 D^#-#.LTiJiHJf -S. 
[0 0 7 9] MRAMTIt 01 7 A ^ t£$kM 

7 6. («SJx.«A 1 203) 7 5. ?$B3tt*t (^J 

^.IfCo) 7 4. fc&MmX (eaj^^FeMn) 7 3. 
Tlfi« (««JAtf C oiSi) 7 2. 71 Tf<&£. ^C*5, 
7 0\$m^!tmi<t~> , )=l>g&7 0T'$>Z>. MRAMT 

^n^©K7 1 - 7 6*r>i:oro77i7$fflUTI 
7f>mci^I*StiTU5. 
[0 0 8 0] tziz^ZF eMnI7 3<DJ5ie 
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if^^mLx^^^no (01 7 b) „ -r-si. n 

7 4 — 7 6 Wf — /t — ^Sti<J> 6 izfj.&o ■?-©?£. fftf 
Xyr>{f&mffi-rmi. FeMn®|7 3 fcggHCifil^ 
^tttCX-y^>^T#-5 (01 7 C) „ C©<t:#©Fe 
MnSS7 3 ©5^-/1— £jSte<f> 7tt* 6<<f> 

Rtf 2 0g©Xy^>yfc e kU^Wfi&C9-r# 
«NticC£-3T. 01 7C{C^-tck3»C. g|7 3-7 6 

■7Xi7 7 3 - 7 7 &m^ZCHZ£Q. MRAMfOi 

* 6<<f> 7<<i> 8) . 

[0 0 8 1] &*>. &i&tt*W£LT#x.6n.5©te. 
itLTFe, Co. Ni, Mn foZWZ^Oit&MrV 

$>k>, -en^^u-rnfeitx-y^tLTai^nT^ 
[0082] tA±©#y«» *xy^>^»©ffls*ei£ 

[0 0 8 3] M)£©<fc5tC, -7X£&-5Ute, Sfx-^^ 

-hrettDttrd/ret*. l'jf/y«7-/Vft 
S*<SiS0. rd/r e^^Wit'SXyf >^«® 

[0 0 8 4] cnSTttX^tH (0 3 © 1 04) ©It 
(Cx#^^#«UIC< l^tton. Xy^>y$rff o 

©igg£M'>£ir-5t;:te, SWifcofirtS^j****^* 

77 * «I y ^ > ^«©filJgC 

§&©g(Cx#;W*L&U*fr©TT*fi, ^.ffl^©^ 

[0 0 8 5] Lt^U 0 3 iC:fc^Tft*?f 1 1 5©f >fc? 
-y>XS:TtfT. »«*S^7>t"*-1 1 8(Cgitn-5« 
05t$r'h^<-r-5>C<*:T. S^^ii 1 0 4 ©glcKJ&^Bfc 
m&ttmL%<?2>Z\t&T'2Z>o Z\(Dt&. Sv,4@4>© 

©«*<siaiciamgt>:^6n^o 
(0 0 8 6) jjsgsoffiK^fftjw-ra-r* 
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m®\ztt?tzr)?z><z>T\ T#mzj£.mwzm£ : ?z> l & 

g#&-5o ^T. #JA.fcf. 1 tfCfc-SMilggCtSW^X 

/\&31#iS&fc£§icx#^r#5£&JI (IP*>. #mif§"&7 
>x^-l 1 8(cgitn'5mgit^^:^<T^^©mS) £fr 

[0 0 8 7] ;:©££. ^X/\3t}#^ (!£$[£•) 1 0 9 
©i&ffi£Xy^>y©<i:£«fc«3 fcI<f5Ci:T. ?X 

10 xtfl^Tfcf^K^SSl 0 4©fl.lCjm£l±-5«fc5 

IT. *g@f$(C3£##&£^»;n£##©JhlC«-& 
fc^X/MCx^^#a$-&T. T^tttf^JStf**^ 
ttX«p#©± icgttt-fc <> x Afr<E> K#t L <c «f» «fc o \Z L 
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